Extubation and the Myth of "Minimal Ventilator Settings"
Few interventions are more appreciated by a critically ill patient than the removal of an endotracheal tube. Extubation eliminates a major source of discomfort, eases communication, and expedites the path to recovery (1) . Nonetheless, as many as 20% of patients require reinsertion of the endotracheal tube, although this is usually accomplished without complications (2) . In a small proportion of patients, however, the need for rapid reintubation is lethal in its consequences.
I have been recently consulted about a number of patients who had been breathing comfortably at a low level of pressure support and positive end-expiratory pressure (PEEP) before extubation but, after extubation, developed immediate respiratory compromise followed by cardiorespiratory arrest and irreversible hypoxic brain injury. Analysis of these cases has motivated me to write this commentary.
The vast majority of patients can be successfully weaned from mechanical ventilation irrespective of whether this is executed by intermittent mandatory ventilation, pressure support, or T-tube trials. Randomized controlled trials have revealed differences in the relative speed with which weaning is accomplished by these techniques (3, 4) , but the trials do not provide guidance on extubationespecially of the vulnerable patient. Some physicians find it convenient to extubate a patient once he or she can breathe comfortably on a pressure support of about 7 cm H 2 O and PEEP 5 cm H 2 O. Other physicians do not extubate patients until they are able to breathe on a T-tube circuit (without continuous positive airway pressure [CPAP] ) for 30 to 60 minutes. From the perspective of extubation, the difference in endpoints appears unimportant because most patients reaching either target will tolerate tube removal.
But here's the rub. The challenge of clinical medicine is not about taking care of the great majority of patients who do well irrespective of the methods employed by their physicians. Instead, the goal is to take feasible steps that have a high likelihood of circumventing a catastrophe in a small number of instances.
At the point of extubation, a clinician needs to ask him or herself two questions: (1) will the patient be able to sustain spontaneous ventilation following tube removal? and (2) will the patient be able to protect his or her airway after extubation? My focus is solely on the first question. A patient's ability to successfully sustain spontaneous ventilation after extubation will depend on the mechanical load on the respiratory system secondary to resistance, elastance, and intrinsic PEEP, and how well a patient's respiratory muscles can cope with the imposed load (5). If there is any reason to fear that a patient might experience respiratory difficulties following extubation, it is incumbent on a physician to try and replicate the conditions that the patient will face after extubationbut to do so before removal of the endotracheal tube.
Some physicians claim that application of pressure support of 5 to 10 cm H 2 O simply overcomes the resistance engendered by an endotracheal tube (6) . Thus, if a patient is able to sustain ventilation at this ventilator setting, he or she should be able to breathe without difficulty following extubation. This claim ignores the inflammation and edema that develops in the upper airways after an endotracheal tube has been in place for a day or more. On removal of the tube, the mucosal swelling produces an increase in upper airway resistance. Straus and colleagues (7) demonstrated experimentally that the respiratory work dissipated against the supraglottic airway after extubation is almost identical to the work dissipated against an endotracheal tube before extubation. Thus, applying any level of pressure support causes physicians to underestimate the respiratory resistance a patient will encounter after extubation. The addition of a small amount of pressure support produces surprisingly large reductions in inspiratory work in ventilated patients: 5 cm H 2 O decreases inspiratory work by 31 to 38%, and 10 cm H 2 O decreases work by 46 to 60% (8, 9) . Nonetheless, most-but not all-patients can tolerate a 30 to 60% increase in inspiratory load at the point of extubation.
Some clinicians believe that insertion of an endotracheal tube leads to the loss of "physiologic PEEP," which is thought to result from intermittent narrowing of the vocal cords (10) . The concept of physiologic PEEP, however, is a myth. Lung volume at endexpiration generally approximates the relaxation volume of the respiratory system, which is determined by the static balance between the opposing elastic recoil of the lung and chest wall (11, 12) . Accordingly, static recoil pressure of the respiratory system is zero at end-expiration in a healthy adult. The addition of 5 cm H 2 O of PEEP can decrease work of breathing by as much as 40% in ventilated patients (9) . PEEP also produces a substantial increase in cardiac output in patients with left-ventricular failure (13) . In patients with heart or lung disease, the elimination of PEEP at the moment of extubation can lead to rapid cardiopulmonary decompensation. As when assessing patients on low levels of pressure support, observing a patient breathe on CPAP 5 cm H 2 O hampers the ability of a physician to predict the patient's capacity to handle an increase in cardiorespiratory load following extubation.
The expression "minimal ventilator settings" has become a commonplace, suggesting that pressure support of 5 cm H 2 O or CPAP 5 cm H 2 O provides little assistance to a patient. This cliché is oxymoronic, analogous to saying that a woman can be minimally pregnant. The increase in cardiorespiratory load engendered by a switch from pressure support of 5 cm H 2 O or CPAP 5 cm H 2 O to zero assistance at the point of extubation is enough to precipitate a lethal cataclysm in some patients. Because it is difficult to foretell which patients will be unable to cope with an increased cardiorespiratory load after extubation, I check that patients are able to breathe without respiratory distress for about thirty minutes on a T-piece without CPAP before removing an endotracheal tube (1) . (Although less than ideal, an equivalent assessment can be performed through the use of Flow-by-provided that pressure support and CPAP are both set at zero.)
Taking simple steps to prevent infrequent occurrences that lead to a clinical catastrophe should dictate the practice of medicine, rather than employing approaches that are convenient to physicians and successful in most patients.
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